Colorectal cancer ranks fourth in incidence and second in cause of death from cancer in the United States (1) . Although virtually every study has reported a positive association between cigarette smoking and adenomatous polyps, the evidence regarding smoking and colorectal cancer is less clear, probably because of a long induction period (2) . We, therefore, examined lifetime smoking history and incidence of colorectal cancer in a large cohort of men followed for more than 12 years.
In 1982, a total of 22 071 U.S. male physicians, 40-84 years of age, who did not have a history of myocardial infarction, stroke, cancer, liver or renal disease, gout, peptic ulcer, or contraindications to aspirin were randomly assigned in the Physicians' Health Study I, after written informed consent was obtained from them (3, 4) . The study was approved by the institutional review board of the Brigham and Women's Hospital, Boston, MA. Twice in the first year and once yearly thereafter, the participants completed a short questionnaire that asked about the occurrence of relevant health outcomes. The analysis is based on all self-reported and confirmed reports of colorectal cancer until December 31, 1995.
At baseline, 22 011 (99.7%) physicians reported whether they had ever smoked cigarettes regularly (never, past only, or current), and current smokers were asked how many cigarettes per day they smoked. In the 5-year questionnaire, former smokers were asked for the ages at which they started smoking (also current smokers) and stopped smoking and the number of packs of cigarettes smoked per day. Pack-years of smoking were defined as the number of years of smoking during different age and time periods multiplied by the average number of packs of cigarettes smoked daily.
Current and former cigarette smoking was reported by 2436 and 8666 physicians, respectively (Table 1) . Former smokers were older than current and never smokers. Daily alcohol consumption was more prevalent in current smokers than in former or never smokers. Vigorous exercise was most common in never smokers and least common in current smokers. The mean numbers of servings of vegetables and fruits per day were very similar across all smoking categories. Current smokers had smoked a mean of 36.4 pack-years compared with 21.4 pack-years among former smokers. This difference was al-most entirely because of smoking after age 30 years or within 20 years before baseline. The median age at starting smoking was equal in both groups. The †Vigorous enough to work up a sweat. ‡Data are the mean (SD), calculated from baseline data on the average number of cigarettes smoked per day (0 to <20 cigarettes, 20 cigarettes, >20 to ഛ40 cigarettes, or >40 cigarettes) for current smokers and 5-year questionnaire data on average number of packs smoked per day (<1 pack/day, 1 pack/day, >1 to 2 packs/day, or >2 packs/day) for past smokers (since information on amount smoked was collected only for current smokers at baseline), categorized as 0.5, 1, 1.5, and 2.5 packs per day, respectively, and age started smoking from 5-year questionnaire for both current and former smokers; information was not available for 1091 former and 236 current smokers. (Pack-years of smoking were defined as the number of years of smoking during different age and time periods multiplied by the average number of packs of cigarettes smoked daily.) §Calculated from age started smoking from 5-year questionnaire for both current and former smokers; information not available for 927 former and 208 current smokers. (4) . All reports of cancer (except nonmelanoma skin cancer) were followed up by a request to review medical records, including pathology reports. Medical records were reviewed by a committee of physicians who were blinded to treatment assignments. We analyzed only self-reported incident cases of colorectal cancer until December 31, 1995, that were confirmed on medical record review. †From 1982 through 1995, mortality follow-up was 100% complete (4). Person-time for all participants was censored at the time of confirmed cancer, death, or December 31, 1995, whichever was earliest. Person-years accrued within a category were defined as the sum of all time from baseline to censoring or occurrence of colorectal cancer, over all participants in that category.
‡From Cox proportional hazards models controlling for age (linear and squared to allow for a nonlinear relationship of age with colorectal cancer incidence), body mass index (weight in kilograms divided by squared height in meters; continuous), alcohol consumption (daily, less than daily but at least weekly, occasionally, or none), vigorous exercise (vigorous enough to work up a sweat at least once a week or less than once a week), aspirin and ␤-carotene treatment, current regular use of multivitamins (yes or no), and mean daily servings of vegetables (sum of servings of broccoli, Brussels sprouts, carrots, spinach, dark green salad lettuce, yellow squash, yams or sweet potatoes, tomato juice, or tomatoes, continuous) and fruit (sum of servings of orange juice, cantaloupe, peaches, apricots, or nectarines, continuous). Additional multivariable models included interaction terms between smoking variables and length of follow-up, but for all models considered these interactions were not statistically significant by likelihood ratio tests, indicating the validity of the proportional hazards assumption. Because of missing information on possible confounding variables, multivariable models for smoking status and pack-years (pack-years of smoking defined as the number of years of smoking during different age and time periods multiplied by the average number of packs of cigarettes smoked daily) smoked were based on 20 948 physicians and 325 events and 20 108 physicians and 307 events, respectively. Additional models to evaluate the independent effects of age at start of smoking, duration of smoking, and cigarettes smoked per day were complicated by the strong correlation of these variables with each other and with age (data not shown). Although any combination of these variables was a statistically significant predictor of colorectal cancer, none was statistically different from models with duration only or age at start only (data not shown). Finally, models controlling for amount smoked in the complementary time period (i.e., controlling for pack-years smoked after age 30 years in the analysis of pack-years up to age 30 years) and models with smoking status and total pack-years updated after 5 years of follow-up (i.e., treated as time-varying variables) gave essentially identical results and, therefore, are not presented.
§For smokers (any category) versus nonsmokers; P values from two-sided likelihood ratio test comparing the fully adjusted model without smoking variables to fully adjusted model with smoking variables. Additional models included both an indicator of ever smoking plus a trend variable across ordered smoking categories (e.g., with a score for category of pack-years from 0 to 3 among ever smokers), but these additional trend variables were not statistically significant (P>.05) in any model. median age at quitting smoking in former smokers was 37 years. Current smokers had almost double the risk for colorectal cancer compared with never smokers (adjusted relative risk [RR] for current smokers ‫ס‬ 1.81; 95% confidence interval [CI] ‫ס‬ 1.28-2.55; Table 2 ). When we took the number of cigarettes smoked into account, an adjusted RR of 2.14 (95% CI ‫ס‬ 1.45-3.14) was observed among those who currently smoked 20 cigarettes or more per day. Smokers with the greatest number of pack-years (>40 pack-years) had the highest RR, but increased risk was also observed among smokers of fewer than 10 pack-years. When we looked at smoking before age 30 years, the increase in risk was most pronounced for less than or equal to 5 packyears (RR ‫ס‬ 1.52; 95% CI ‫ס‬ 1.07-2.16) and 10-15 pack-years (RR ‫ס‬ 1.72; 95% CI ‫ס‬ 1.25-2.38). The number of pack-years of cigarette smoking after the age of 30 years was also associated with the risk of colorectal cancer. Consideration of pack-years smoked up to 20 years before baseline found RRs of about 1.5 for smokers with more than 10 pack-years. Nevertheless, there was also an association between pack-years smoked within 20 years before baseline, especially for smoking more than 15 pack-years during that period (RR ‫ס‬ 1.56; 95% CI ‫ס‬ 1. 13-2.16) .
In this large cohort study of more than 22 000 healthy men aged 40-84 years who were followed for more than 12 years, cigarette smoking was an independent risk factor for colorectal cancer incidence. The strongest risk was observed in current smokers of 20 cigarettes or more per day, but cumulative lifetime exposure and exposure during various periods of life also increased the risk of colorectal cancer.
Our results are in accordance with findings from other published large cohort studies of colorectal cancer incidence in men (5, 6) , in women (7) , and in both sexes (8, 9) . They are also in accordance with results from the largest cohort study to date examining smoking and colorectal cancer mortality in U.S. veterans (10) and from several recent case-control studies (11) (12) (13) (14) (15) . Our finding that smoking at all ages was associated with an increased risk of colorectal cancer appears to differ from the findings of Giovannucci et al. (5,7) . This apparent discrepancy might be partly because of the observed strong correlations between total pack-years smoked and amount smoked in the recent past and in the distant past (data not shown). Our results are in agreement with the hypothesis that the amount smoked in the distant past is the main risk factor for colorectal cancer but also suggest that the amount smoked in the recent past might not be completely irrelevant.
Because the study was not specifically designed to test the hypothesis, information on the number of cigarettes smoked in different time periods was not collected. Although this is likely to obscure any changes in smoking habits, the number of cigarettes smoked per day has been shown to be quite constant over time (16) , and any misclassification would tend to bias results toward the null. In contrast to studies with extensive dietary assessments, we could only control for intake of vegetables and fruits, which are most likely to be protective with regard to colorectal cancer (2, 17) , but, like others (5,7), we found little confounding by diet of the association between smoking and colorectal cancer risk. We could not control for colorectal cancer screening, but any differences in screening behavior between smokers and nonsmokers are likely to be less pronounced in physicians participating in a trial of primary prevention (aspirin and ␤-carotene) than in other cohorts. Finally, our results pertain to men; however, with the exception of hormone replacement therapy (18) , there is little evidence for differences in risk factors for colorectal cancer between men and women.
The totality of evidence supports the position that smoking is a risk factor for colorectal cancer. The finding that past and current smoking is associated with an increase in risk may imply that smoking reduction at any age would reduce the risk of developing colorectal cancer, the second leading cause of cancer death in many countries, including the United States.
